Abstract: Continuous elimination of the acreage of orchards in Slovakia has a negative impact on the overall fruit production. Improvement of the conditions could be achieved by introducing new technological systems into orchards and supporting the measures motivating farmers. Three investment strategies for planting apple orchards are presented in the paper: slim spindle, high density and extended orchards. Economic efficiency of the systems is evaluated through the return of investment, net current value and inner profit percentage. Within the assumption of the objective evaluation of input parameters, we can expect an acceptable economic efficiency of the investment only in the "slim spindle" technological system. The simplified deterministic evaluation of economic efficiency is further deepened with the identification of the relevant risk factors, followed by its quantification by the simulation processes. Taking the risk into account leads to a significant decrease of the economic attractiveness of investments.
Agricultural production differs from other sectors of the economy, such as industry and services, because it is dependent on the life cycles of plants and animals, on the seasons and climate, on the fertility of the soil, water supplies etc. Agriculture is at the base of the food chain. This sector is thus fundamental. Summarizing, agriculture is one of the main contributors of human welfare in different aspects (Villanyi and Singh 2008) . Economic changes after 1989 have caused the relevant decrease of gross agricultural production in Slovakia. Our agriculture was significant in terms of national economy with a high rate of production, self-sufficiency as well as the share of subsidies in the GDP. The realized transformation process in agriculture is characteristic with the decrease of this sector's share in the GDP composition (Bielik 2003) . It is clear that the effects of the transformation process from the centrally planned economy into the market one has directly influenced also the fruit growing industry, what is significantly shown, first of all, by the drop of the natural fruit production. Fruit production has had a long tradition in Slovakia, despite the fact that still less and less producers stick to it. The appropriate soil and climatic condition enable growing a wider diapason of fruit trees, mainly apple trees. It is apparent from the production data, that apples have a dominant position in the fruit production from the view of the production volume and growing areas.
The contemporary situation and level of fruit growing in the Slovak Republic, except for a few specialized enterprises, is not satisfactory. In comparison with other countries, there is a big lagging behind in the yields, the fruit quality and size as well as in the market layout. Nutritional value of fruit and their taste properties are comparable. The main reasons for the current situation are the failures in choosing the right stand and realization of planting (Gurčík et al. 2007) .
The main goal of fruit growers in Slovakia should be to provide the inhabitants with an optimal home fruit production of a high quality in the suitable soil and climatic conditions. Many orchards are too old and cannot guarantee the high quality production. Hričovský et al. (2004) state that the Slovak fruit growing has up to 50% of old poorly treated orchards with only about a half of the potential production, a worse quality of fruits and a shortage of modern storehouses.
Also Kudová and Chládková (2008) confirm that the key task of fruit production is to grow, store and supply fruit in the sufficient amount and quality to satisfy the customers' needs. Besides, fruit growing is a renewable resource of wealth, it helps sustainable development in the country, and it supports tourism and participates in landscaping.
The overall orchard's area has a stagnant or decreasing trend (Figure 1) . One of the possible changes of the present state is to implement new systems of fruit growing with the use of scientific knowledge as a guarantee of stable yields. The cause of the negative state are, apart from the biotechnological factors, also high investment costs on orchard establishment.
The problem of the fruit production has not been complexly solved; it is proved by the decrease of the ability to cover the consumption need of Slovak inhabitants, the decrease in the acreage of orchards as well as of per hectare yields and the decrease in the export of home fruit production onto foreign markets. Agricultural companies are forced to follow the changes in the market and to adjust their decisions accordingly. Thus, investment decisions can be significant assumptions of reaching and sustaining the successful development of the company. The focus is also given to finding the most effective technological system of growing and the use of an appropriate opportunity, as well as to the way of its realization.
Only 40-60% of the fruit production potential in Slovakia is used. Based on the indicators like operating costs, we have found out that labour costs represent 29.1% of the total costs. These costs could be reduced through a rational distribution of the working time and by increasing labour productivity. Operating costs could be reduced also by introducing the varieties resistant to different diseases and insects. Reduced operating costs would create the necessary room for producers to increase their competitiveness (Porhajaš et al. 2009 ).
Economic efficiency of the fruit industry should be a strategic task of the farmers. The decrease of the average fruit production costs is a basic task of competitiveness of the farmers within Slovakia in the EU. It follows that the need of the farms to establish new orchards with a higher production per unit, is really imperative.
According to Pesteanu and Gudumac (2008) , the amelioration of the economic efficiency of the yields depends considerably on the strict observance of the economic regime and the diminution of the nonproductive expenses. To fulfil all these tasks in the agricultural farm, it is necessary to systematically analyze all the production expenses, the price cost decrease of the yield production and the increase of labour productivity. The biggest influence on the economic efficiency is that of the yield. The average yield per 1 ha influences directly the income obtained from sales. The fruit yield influences also the costs of 1 kg of production.
It is possible to gain a relatively complex and variant approach to planning the investment projects of fruit orchards by comparison of the economic efficiency of the variant technological systems of planting apple orchards and choosing the most convenient technological system. With regard to the biological character of the type of such investment projects, naturally accompanied by the high risk rate, the attention is paid also to the risk analysis.
MATERIAL AND METHODS
From the methodological point of view, the dynamic access based on the Payback Period (PP), the Net Present Value (NPV) and the Internal Rate of Return (IRR) are used for the evaluation of economic efficiency of the variant technological systems.
The base for the risk quantification by using the simulation techniques is a deterministic calculation of the investment aim efficiency based on the investment project efficiency through projections of the cash-flow on the whole planning horizon of the life-span of the investment into the orchard establishment (Sojková 1999) . The simulation process is realized in several phases.
In the first phase of the risk analysis, random variables are identified from inputs depending on their character, or the information rate of the decision subject. No all the input random variables predominantly influence the result investment determinants -PP, ha NPV and IRR. Another phase of the risk analysis is thus the determination of those input random variables which can represent the decision risk factors. The helping instrument in the determination of the decisive risk factors is a sensitive analysis. This is realized as a sequence of changes of certain input random variables and searching of the impacts on result indicators -PP, NPV and IRR. The risk factors are usually considered to be those input variables, the change of which makes a crucial change of a result indicator, but also those, where it is possible to assume significant changes within the planning horizon. The most demanding phase of the simulation risk analysis is the choice of appropriate types of the probability distribution of risk factors and the assessment of their parameters. It usually requires a combination of the objective and subjective assessment. In our case, only the uniform distributions are used. The result of simulation is to gain the probability distribution of the output variables NPV and IRR. Important output information is also the development of the Net Cash Flow (NCF) for the whole planning investment period.
Describing of technological systems
Regarding the current trends of apple orchards and good market possibilities, three technological systems of growing apple orchards are taken into consideration, and they are different with regard to the apple production, quality, investment and running costs, the number of trees and other input variables (Hričovský 2006) . We suggest the conceived, quantified and from the point of view of economic efficiency mutually comparable three technological systems of growing apple orchards: 1 st technological system -spindle -an intensive way of growing apples (A alternative), 2 nd technological system -high density orchard -an intensive way of apple growing (B alternative), 3 rd technological system -an extensive orchard (C alternative).
The implementation of a new technological system of an orchard requires more phases, from the information gathering on the given problematic, through the preparation of the necessary materials when assessing all the economic, legislative, logic relations and rules, through the composition of statements necessary for the evaluation of the given technological procedure up to its filling with data. Mastering of the given phases is possible after the consultation with experts from fruit farms. For the objective investment project, it is necessary to analyze not only the economic information, but also the information on fruit industry, e.g. the consumption of planting material, fertilizers, mechanical equipment, etc. Characteristics of orchards investment project show in Table 1 .
In the terms of the input data preparation, it is necessary to come out, at the same time, from the calculation gained at the point of designing and realization of analogical projects and from the up-to-date scientific knowledge on investment decision in terms of planting fruits, especially fruit orchards.
Economic parameters of the system are based on the current input prices (planting material, fertilizers) as well as outputs prices (realization price of apples). When planning earnings, similarly as when planning costs and all the technological systems, it is not counted with the growth of prices in the time.
By the risk evaluation of investment project through simulation procedure, three alternatives of techno- The main advantage of a spindle is a simple care, a minimal cut as opposed to the classical shapes, and the harvest directly from the ground, as well as a simpler and much more effective protection. Reaching high yields, thanks to the ideal light conditions which shape it, are the coloured fruits, more ripe and mature. Weakly growing rootstock and the way of shaping results in a fast fertility, full fertility starts in the third or fourth year. The time estimation, from the orchard establishment to the first year of fertility connected with costs based on which the orchard is ranked into the use within the given technological system, is 2 years. The technological system of high density orchard -B alternative -also represents an intensive way of apple growing. The first year of fertility is the fourth year from its establishment. The cost calculation for fencing the orchard is the same as in the A alternative. The period of time estimated from the orchard establishment to the first yield, connected with the costs based on which the orchard is evaluated, is 3 years.
The model of investment project -C alternative (technological system of an extensive orchard) -represents a traditional way of growing apple trees. The part of planting orchard is not drip irrigation which is an important advantage because of the lower investment costs. The first year of fertility is the fourth year from the orchard establishment. The period of time from the orchard foundation to the first yield where investment costs are calculated, is 3 years. Calculation of the costs needed for the fence of the orchard is the same as in the previous technological systems. The use of industrial fertilizers is annually planned in the volume of 0.40 tonnes per orchard. The costs for supplementary activities are planned for the height of average costs of the chosen companies. Capital expenditure at the options various show in Table 2 .
RESULTS AND DISCUSSION

Deterministic evaluation of economic efficiency
Development of operating costs and incomes of economic activities are transparently shown in Figures 2 and 3. The costs for the orchard liquidation have not been included in the graph, estimated at 4000 € within all the technological system. In Figure 2 , the differences in operation costs, which are in the periods of reaching their maximum levels within the (A) alternative "slim spindles" approximately 2.6 times higher than extensive orchards (C), and approximately 1.25 -times higher than high density orchards -C, Figure 2 . Diametrically higher differences can be seen in income (Figure 3) , included in the A alternative in periods of the maximal fertilization more than 4 times higher than the C alternative, and 1.5 times higher than the high density orchards -B. Different results of management within the particular technological systems are seen due to a different level of income and cost development.
Economic development of incomes and costs as well as investment costs is reflected into the gained level of cash-flow (CF). In this case, liquidation costs (4000 €) are also included in the last year of an orchard. A different level of investment expenditures and different development of costs and incomes are A positive value of net income is reached already in the 3 rd year within the technological system "slim spindle" (alternative A), there are no investment costs and the apple orchards start giving fruits ( Figure 5) . A positive value of management can be expected from 4 th up to 14 th year. In 15 th year, a negative CF value is reached as a consequence of the included orchard liquidation costs. A positive CF value can be reached in 4 th year within the high density orchard (B alternative). Although the operating incomes in 4 th year are even lower than the costs, after the operating deduction by depreciation, a positive CF value can be expected up to 17 th year of the orchard.
A traditional technological system -the extensive orchard (C alternative) can, even despite the low investment cost, reach a positive CF value from 6 th year up to 24 th year. Liquidation costs are included in 25 th year. The economic result might be positive in 7 th year and higher operating earnings rather than costs can be expected.
In Figure 3 , there are shown potentially reachable expected values of the criteria of economic efficiency within the particular technological systems and their variants. Net present value (NPV) is considered to be the prior criterion, and then there comes the internal rate of return (IRR). Payment period (PP) is rather a supplementary criterion due to the fact that it does not consider the time value of money (in case it is calculated from the non-discounted CF). Moreover, net cash-flows after the return period are not taken into account when it is calculated.
After comparing all three technological systems in apple orchards, presuming the investment from own sources, it comes out that the positive NPV can be expected at the A alternative -spindles (NPV = 8148 €) and the high density orchard -B (NPV = 2050 €). Both investment projects are considered to be effective, however, with a different rate of profitability. As it has been mentioned, at spindles the internal rate of return can reach 14.24%, the high density orchard only 10.72%. Within the B alternative, the IRR exceeds the discount rate only by 0.72%.
In case the discount rate was higher than 10.72%, which is highly probable after the increases of risk premium, the NPV would reach a negative value. The investment projects of the high density apple orchard financed from own sources are principally effective, however, with a relatively low rate of profitability. Under the unfavourable conditions -low yields, high maintenance costs, etc., the NPV could decrease below zero.
The alternative C -extensive orchards -cannot be counted with a positive NPV due to the fact that its expected value represents -2565 € with an internal rate of profitability of 6.08%. The IRR reaches a lower level than the considered discounted rate. A positive NPV could be expected only under the assumption Source: Author's own research that we would count with a discount rate lower than 6.08%, and that would mean a critical decrease of the risk premium and thus an underestimation of the investment risk.
We would get analogical results also by comparing the return rate of investment costs within the particular variants. The lowest return rate can be expected in the A alternative (PP = 7.1 year), in the B alternative, it is higher (9.1 years). Within the alternative C, the return of investment costs can be expected after almost 13 years (12.91).
Based on the value comparison of all three criteria -the NPV, IRR and PP (Table 3) , it seems that the A alternative is dominant to the B, the C alternative and the B alternative are dominant in comparison with the C alternative. If an investor were to decide between the A, B and C alternatives, he/she should choose the A alternative -spindles. This type of decision making is reasonable in case he/she is provided with no more information and thus does not know the risks of the particular investment projects. Figure 4 provides the NPV development for the particular alternatives of investment projects A, B and C in dependence with the changing discount rate.
Not only the differences in the NPV level at a different discount rate, but also the different decreasing NPV tendencies for the particular alternatives are evident in the graph. The NPV development is not linear, at lower levels of the discount rate, it drops down faster and the fall is very slight at a higher discount rate. In Figure 5 , there is evident also the different profit percentage, reached within the particular alternatives, as follows: 14.24% -A, 11.34% -B and 6.08% -C. At the discount rate equal to the IRR, the NPV starts reaching negative values. Internal rates of profit stand for the discount rate and by its increase, an investment would become ineffective. A graphic display shows the NPV sensitivity within the particular alternatives, a discount rate and it also proves the results of the previous analysis. Figure 5 shows the development of the non-discounted cash flow (CF) for all three alternatives (variant A, B and C -financed from own sources) during the whole life-span of apple orchards, which is different. It clearly points out at the diametrically different tendencies in the CF growth and their distinct maximal value in the last but one year of the orchards' life-span. Within all the alternatives, the CF falls rapidly down in the last year as a consequence of the orchard liquidation costs. Analogical tendencies show also the discounted CF, however, at a lower level. The NPV significantly depends on the chosen discounted rate. Its increase fundamentally influences the investment projects with a low NPV level where also its low increase has a result in the negative NPV.
Risk analysis
When analyzing the investment project risk of spindle, which appeared to be economically the most efficient, in the first phase we identified the critical risk factors. Mostly, the risk factors are those, where 10% change evokes more than 10% change of the NPV, IRR.
First of all, the yields and prices were proved by the selection. Increasing one or the other determinant by 10% leads to the increase of the NPV by 5375 €, which means by 65.9%. The second decisive risk factor is the investment costs, where an increase of either one determinant by 10% leads to the NPV increase by 5.9%. The second crucial risk factors are investment costs where 10% increase could cause the NPV drop by almost 32.24%. Other important risk factors are personal costs where 10% increase could lead to the NPV drop by 12.16%. Significant risk factors could also be caused by the "supporting activities" (NPV decreases by 8.74%).
As a result of the simulation, we do not get one NPV value but the whole probable distribution. In comparison with the deterministic calculation, the mean NPV value significantly differs. It reaches the value of approximately 4175 €, as opposed to 8148 € at the deterministic modes as a result of the expectation of rather negative assumptions in comparison with the positive ones, mainly with yields, which together with prices mostly influence the NPV and IRR. The NPV variability, expressed by the standard deviation represents 6 386 € and thus the variable coefficient reaches the value of 153%.
Out of the gained outputs, we can expect with 90% probability that the NPV can move within the interval from -5820 € up to a positive border 14 240 €. Such an assumption is basically different in comparison with the deterministically assumed positive NPV. Based on the interval, it can be expected that an investment can be non-efficient but also efficient. Such a result is a consequence of a high variability of the final NPV, caused mainly by a high assumption of the probable variability of yields and prices.
From the more detailed analysis of graphical view of the NPV distribution, as well as from the calculation of critical values of division, it is evident that the probability of not reaching the positive clear current value mildly exceeds 30%, which means a really high (Table 4) . Based on the assumption that the risk assumptions for the particular factors in simulation model were highly probable, not very many investors would be willing to bear such a high risk. Analogically, the IRR distribution can be used, shown in Table 5 . The mean IRR value represents 12% which is by 1.76% lower than the deterministic model (12.24%). The distribution of an indicator accompanied by the middle variability rate with the standard deviation 3.28% with variable coefficient of 27%.
A visible contribution of the application of the simulation procedure within the quantification investment risk projects lies in the identification of the decisive risk factors, i.e. those random variables, which significantly contribute to not reaching the expected NPV. Another contribution is to gain the estimated values of destination variables (CF in certain years, NPV and IRR) and the provision of the complex probable value distribution of the given destination variables.
Based on the mentioned NPV or IRR distributions, the decision making subject can dispose of other fundamental information which can contribute to the quality of the decision making process. Firstly, these are the information on the probability distribution of the destination variables, the information on the possible reaching of an unpleasant result as well as the potential possibilities for the entrepreneurial success.
CONCLUSIONS
After comparing the results of economic efficiency in the particular technological systems, it comes out that an investor should not decide among spindles in apple orchards and the high density orchard (B), or extensive orchards (C); he/she should prefer a project of apple orchard -spindles. The decision of the investor should concentrate on the choice of appropriate varieties, not only according to the expected average yield, but also the risk.
Lowering the risk could be reached by a better work management and the input of scientific knowledge into production (fertilisation, mulching, etc). Farmers, who use irrigations in the full extent, have a real chance to reach higher realization prices due to the higher production quality, reaching thus adequate profits. By a proper harvest management we can increase the costs on the harvest technology, however, decrease the labour costs.
Out of the results proving that the NPV exceeds the level, under the presupposition that the risk factors considered in the simulation models are highly probable; hardly any investor would be willing to bear (in our opinion) the relatively high risk. These results correspond with the deterministic estimations, in which, as we say, in the case of financing investments from own sources, the project of apple orchard -the A variant -is effective, but with a relatively low rate of economic efficiency. The investment risk of apple orchards lies mainly in the fact that the decision of the investor is irreversible.
The choice of the technological system of apple orchard growing becomes a crucial decision which must be made professionally, based on the objective economic criteria. The investment project "models" of apple orchards can be inspiring and helpful also when evaluating economic efficiency of other investments, not only in the agricultural sector. The input information, necessary for the quantification of efficiency, has always been a decisive factor in the qualified evaluation of the investment projects regarding their economic efficiency. The objectivity of inputs destinations, basically, determines the quality, thus the value of the output information for the evaluation of the project efficiency. Very significant is also the analysis of the gained results and the choice of a particular investment project -the final decision. The decision making process on the choice of an investment project must be a decision of a more interdisciplinary character. In the case of planting apple orchards, at least an expert from a fruit industry is needed, as well as an economist and an expert in the use of quantitative instruments. Only such a team decision can meet the conditions of a qualified decision. The so-called "model instrument for qualified investment decision" is valuable for an investor, in a deterministic as well as a stochastic form.
Application possibilities of the estimated investment projects on the apple orchards technological systems are significant in the given context. The decision making process is possible through input parameters, as for example investment costs, the orchard acreage, running costs, yields, the real product price, etc. Thus, investment project models have become a methodological instrument, applicable in different conditions (economic, climatic, etc.) in a certain period as well as by a prediction instrument. From the application aspect, the input parameter objectivity, needed for economic efficiency, becomes very demanding. Input data are deterministically estimated based on the analysis of the present state in the fruit industry, as well as the estimated future expectations. From this point of view, input data are to a certain extent also "expert" estimations.
Considering the risk in investment decision making, it is very rare in the practice and it is rather more common to encounter a pessimistic and optimistic variant, presenting the realization of extreme conditions. This problem can be avoided by the application of the simulation processes, and thus it provides a more-dimensional view on the economic efficiency of investment. An investor thus does not consider only the expected net current value, but takes into account also the expected risk of the investment. Thus, the decision making process becomes more professional, objective, however, more demanding, at the same time, with regard to the decision making subjects. The assumption of the investment project preparation, at present time in our opinion, still remains optimistic.
